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Abstract 
The usual method for assessing a fish stock for which there exist scientific 
surveys and commercial catch statistics is to use the survey series to ‘tune’ a 
VPA- type model. Such assessments are often subject to rather large revisions as 
more catch data for cohorts remaining in the fishery become available. It is 
conjectured that one reason VPA abundance estimates for cohorts still in the 
fishery tend to be variable and often biased is that the relation between the age 
composition of the commercial catch and the actual population is unknown, and 
this relation likely varies from year to year. It is suggested that for some species a 
more stable method for assessing the current condition of the stock would be to 
reverse the roles played by surveys and catch data. That is use abundance 
estimates based on historical catch data (i.e. catch statistics for cohorts that are no 
longer in the fishery) to calibrate the survey series. As an example, converged 
VPA-type abundance estimates of Northeast Arctic cod (Gadus morhua) during a 
calibration period were used to ‘tune’ a yearly bottom trawl survey of this stock. 
For the two age groups considered in this paper, the survey-based procedure 
generated estimates of subsequent converged VPA estimates that were usually 
more precise than the annual estimates. Since survey-based estimates will not be 
revised and would be available as soon as the survey is completed, it is concluded 
that they would form a timely basis for developing and implementing a stable 
management strategy. 
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 1. Introduction 
For fish stocks that are monitored by scientific surveys and for which commercial 
catch statistics are collected, the generally accepted method for assessing these 
stocks is to integrate the survey estimates with commercial CPUE and catch-at-
age data in a virtual population (VPA) type analysis (Fig. 1). Before a particular 
cohort leaves the fishery, its estimated abundance tends to vary from year to year. 
Not only are the annual estimates of a cohort’s abundance quite variable (Nakken, 
1998; Pennington and Strømme, 1998; Korsbrekke et al., 2001), there is a 
tendency for the catch-based estimates to decrease as more catch data becomes 
available, which is the so called “retrospective problem” (Sinclair et al., 1991; 
Parma, 1993; Sinclair, 1998; Mohn, 1999).  
 
One reason that VPA estimates of current stock size may be subject to large 
revisions is that the relation between the commercial catch during recent years 
and the actual population structure is usually unknown (Fig. 1). Many factors may 
cause this relationship to vary from year to year. One obvious factor is a change in 
the spatial distribution of fishing effort over time (Salthaug and Aanes, 2003). If 
the commercial catch data are correct, then for a cohort no longer in the fishery 
the estimate of its historical abundance (i.e. the converged estimate) may be fairly 
accurate. 
 
Abundance indices based on scientific surveys often track converged VPA 
estimates fairly closely, while the non-converged estimates and the survey-based 
indices tend to diverge (Pennington and Godø, 1995; Pennington and Strømme, 
1998; Korsbrekke, et al., 2001). Because recent VPA estimates will be revised in 
due course, while the survey estimates will stay the same, this implies that the 
information contained in the survey data is not being effectively used to assess the 
stock. 
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An alternative to a VPA-type assessment of the current condition of a stock would 
be to base the assessment on, at least in theory, known relations. A survey ideally 
covers the entire stock while converged VPA-type estimates, based on accurate 
commercial catch data, should provide fairly accurate historical estimates of a 
cohort’s size. Therefore it may be sensible to reverse the roles currently played by 
surveys and commercial catch data for stocks that are extensively surveyed. That 
is, instead of using survey data to tune the current catch data, historical catch data 
may be used to calibrate the survey indices (Fig. 3). 
 
As an example of this alternative assessment technique, converged VPA 
abundance estimates for Northeast Arctic cod during an initial time period are 
used to calibrate abundance indices generated for this stock by the winter bottom 
trawl surveys in the Barents Sea. The survey-based estimates are compared to 
subsequent converged estimates of cohort size and to the annual assessments. 
 
2. Calibrating Survey Abundance Indices 
Suppose there are two abundance estimates available for a stock; a fishery 
independent index of relative abundance generated by research surveys and VPA-
type estimates of absolute abundance based on commercial catch data. For the 
converged part of the VPA estimates (Ni), which only depend on commercial data 
and are independent of survey indices, it is assumed that the expected value (E) 
 
ii PNE =][ ,      (1) 
 
where Ni refers to a particular age or group of ages  in year i  and Pi is the true 
number in the population.  
 
Furthermore, assume that the expected value of the survey index, Ii, is also 
proportional (with constant β ) to Pi:  
 
 ii PIE =][β .      (2) 
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 Then it follows that 
][][ ii IENE β= .     (3) 
 
The estimates, Ni and Ii, can be expressed as 
 
iii NEN ε+= ][  and iii IEI δ+= ][ ,   (4) 
 
respectively, where iε  and iδ  are assumed to be random errors. Then it follows 
from (1) through (4) that 
 
iii IN ξβ += ,      (5) 
 
where iii βδεξ −= . Although (5) has the form of a standard regression equation, 
it differs since Ii and iξ  are generally not independent, and, therefore, the standard 
regression estimator of β  is usually biased (for more details, see Draper and 
Smith, 1981). If the variance over time of the expected survey index, , is 
large with respect to the variance of 
][ iIE
iδ , then the bias of the standard regression 
estimator of β  will be small and can be safely ignored (Draper and Smith, 1981). 
 
If the relation between the survey index and the VPA estimates differs 
significantly from (5), then this implies that either assumption (2) or (3), or both, 
are not valid. When this is the case, other information needs to be employed to 
select the index that is most likely proportional to Pi. 
 
For more variable surveys, using time series techniques will generate a survey 
index that more closely tracks the converged VPA estimates (Pennington, 1985; 
Fogarty et al., 1986; Pennington and Godø, 1995).  Using a smoothed survey 
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index in (5) will in general cause the error term to be autocorrelated and this 
should be taken into account in the fitting procedure (Brockwell and Davis, 1996). 
 
3. An Illustrative Example: Northeast Arctic Cod (Gadus morhua) 
The fishery for Northeast Arctic cod is the largest cod fishery in the world. During 
its peak in the 1950’s, the yearly catches averaged 800 000 t (Nakken, 1994). 
More recently, the catches have ranged from more than 700 000 t in 1997 down to 
400 000 t in 2000. Fluctuating stock size is the main reason that commercial 
catches have varied over time, and failure to timely detect changing trends in 
abundance has been a problem for managing this stock. The next section is an 
overview of past assessments and in the subsequent sections it is shown that 
scientific surveys can provided a robust and timely assessment of the condition of 
the Northeast Arctic cod stock. 
 
3.1 A brief overview of the assessments 
The annual assessments of the Northeast Arctic cod stock by ICES usually 
underestimated fishing mortality rates and, therefore, overestimated stock 
numbers (Nakken, 1998; Korsbrekke et al., 2001). The general tendency was that 
fishing mortality rates for a given year were revised upward and thus stock 
numbers were reduced as more catch-at-age data became available, which is an 
example of the common retrospective problem. An examination of the ICES 
assessments during the period from 1982 through 1995 indicated that the annual 
estimates of fishing mortality rates ranged from 55 to 110% of the converged 
value and were, on average, 80% of the final converged (“true”) value. 
Furthermore, it took four to five years before the estimates converged (Nakken, 
1999). 
 
It is not known if this bias was caused by the input data (commercial catch and 
survey data) or by inadequacies in the assessment methodology aplied (XSA, 
Extended Survivor Analysis). Whatever the case, the fairly consistent 
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overestimation of stock size had the unfortunate effect that management measures 
to reduce fishing mortality often were ineffective. 
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3.2 Calibrated survey estimates of stock size 
Since 1981, the Institute of Marine Research has conducted an extensive bottom-
trawl survey (approximately 250 stations annually) in the Barents Sea from mid-
February to mid-March (for more details, see Aglen et al., 2003). The area 
covered by the winter survey was expanded in 1993, and the survey abundance 
indices (Table 1) prior to 1993 have been adjusted accordingly (Korsbrekke et al., 
2001). We included only cod age 4 and older in the analysis because few cod of 
the younger age groups are caught in this fishery. Because of sampling variability 
and aging errors, both the survey indices and the VPA estimates at age are rather 
imprecise (Pennington et al., 2002; Aanes and Pennington, 2003). To lessen the 
effect of aging errors, our primary focus is on two age groupings: ages 4, 5 and 6, 
which for the most part represent pre-spawners; and ages 7+, which represent 
mainly spawners. The annual VPA abundance estimates for the two age groups 
during the period 1995 through 2006 are in Table 2. 
 
For the calibration period (1981 through 1995) the VPA abundance estimates for 
ages 4 through 6 and 7+ were not proportional to the survey indices, but were 
linearly related (i.e. ) with a significantly positive intercept (Fig. 
3). Since the estimated standard error of I
iii IN ξβα ++= ˆˆ
t was small compared with the range of 
the index, it is unlikely that a bias in the slope estimate caused the intercept to be 
positive (Draper and Smith, 1981). It follows that either the converged VPA 
estimates or the survey indices (or both) were not proportional to the true 
population. 
 
Because our objective was to use the surveys to predict the final, converged VPA 
estimates, we first included an intercept when calibrating the surveys and then, 
assuming that the survey abundance index was proportional to the actual 
population (i.e. the intercept equaled 0), we generated estimates of the 
proportionality constant in (5). 
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The calibrated survey estimates for 1995 through 2006 for the two age groupings, 
generated by the regressions shown in Fig. 3, are in Table 3, column 4. Fig. 4 and 
5 are plots of the calibrated survey estimates for the two age groups and the latest 
ICES (2006) abundance estimates, along with the annual ICES estimates during 
this period. 
 
Even though including an intercept in the calibration procedure resulted in rather 
accurate predictions of the converged VPA estimates in both cases, there is no 
reason to assume that the VPA estimates were unbiased. The implication of a 
positive intercept is that it tends to ‘maintain’ stock numbers as the survey index 
decreases. In particular, when abundance is low the stock may be declining (or 
increasing) at a much faster rate than indicated by the survey-based estimates. 
 
Aging errors tend to cause the sizes of small cohorts to be greatly overestimated 
and large cohorts to be slightly underestimated. To reduce this source of bias, the 
survey was calibrated with zero intercept (eq. 5) based only on those years for 
which the survey index was greater than its average over the calibration period 
(Nakken and Pennington, 2001). These calibration lines are shown in Fig. 3 and 
the associated survey-based abundance estimates are in Table 3, columns 5 and 9. 
 
3.3 Discussion 
The calibrated survey estimates of the abundance of ages 4 through 6 cod closely 
tracked the 2006 ICES estimates during the years 1995 through 1998, a period in 
which the ICES estimates have converged, whereas for recent years the calibrated 
estimates were below the 2006 ICES estimates (Fig. 4). It should be noted that 
prior to 1998, the tendency was for the annual ICES estimates to decline over time 
as more catch data became available, while in the last few years the annual ICES 
abundance estimates have increased. 
 
For ages 7+, which form the bulk of the spawning stock, the survey-based 
abundance estimates and the 2006 VPA estimates are fairly similar (Fig. 5). An 
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advantage of the survey-based estimates in both cases is that they accurately 
predicted the converged 2006 VPA estimates for the period 1995 – 1998 years 
before the these estimates had converged to their present levels (Fig. 4 and 5).  In 
particular, while the 1996 through 1998 ICES assessments were significantly 
overestimating spawning stock size, the survey-based estimates were apparently 
providing accurate and timely estimates of the true size of the spawning stock 
(Fig. 5). 
 
There were two major sources of uncertainty in the catch data used in the 
assessments that may have caused the VPA estimates of absolute abundance to be 
biased. In most years the officially reported landings were used in the 
assessments. However, in the periods 1990-1994 and 2002-2003 ICES added to 
the reported landings significant amounts of estimated unreported catches. For 
example, the reported landings were raised by more than 30% in 1992 and 
increased approximately 20% in 2003. The other source of bias was that discards 
at sea were not taken into account in the assessments. Dingsør (2001) estimated 
that the number of 4 year olds would increase by up to 8% during the calibration 
period if discards were included. 
 
It is not yet clear whether or not to include an intercept when calibrating the 
winter survey. Though aging errors may be a problem, there is no other apparent 
reason for the surveys to be biased. Helle et al. (2000) found that the estimates of 
the relative abundance of Northeast Arctic cod as three-year-olds generated by the 
winter survey were proportional to survey-based estimates of the cohort’s 
abundance at earlier life stages. In contrast, the VPA estimates of the abundance 
of age 3 cod were not proportional to survey indices at any stage, and in 
particular, all intercepts were significantly positive. The consistency of the survey 
indices is an indication that the converged VPA estimates may not be proportional 
to ‘true’ stock numbers. 
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4. Conclusions 
There are at least two likely reasons that simply calibrating a survey series using 
historical catch data may generate more robust abundance estimates than a VPA-
type analysis. The first is that the calibration procedure is based on an established 
relation between the total catch of each cohort that has gone through the fishery 
and on a scientific survey monitoring the same cohorts while still in the fishery. 
Secondly, the calibration procedure is based on a much simpler model than a 
VPA-type analysis. It has been observed in many fields that predictions based on 
complicated structural models are often less accurate than those based on simpler 
models  (see, e.g., Nerlove et al., 1979; Wheelwright and Makridakis, 1985; 
Newbold et al., 1993; Stergiou et al., 1993). Jenkins (1976, page 132) gives a nice 
summary of some of the problems associated with predictions based on 
complicated models.  
 
Because of inaccurate or incomplete commercial catch data, converged VPA-type 
estimates of abundance may be biased. Therefore, it is important to choose a 
calibration period for which the catch data are judged to be fairly accurate, or use 
ancillary information on known or likely sources of errors to adjust the historical 
catch data. It should be noted that after the calibration period, it is not necessary to 
estimate the age composition of the commercial catch. 
 
For stocks that are adaptively managed, another advantage of using survey-based 
estimates is that they would be available as soon as the survey is finished. It often 
takes considerable time to collect and collate commercial fishery data, and, 
therefore, VPA-type estimates are usually not available until several months after 
the survey is completed. As demonstrated by the Northeast Arctic cod example, 
an appealing feature of survey-based abundance estimates is that they are not 
subject to frequent revisions as are the VPA-type estimates.  It is difficult to see 
how stable and effective management strategies can be agreed on and 
implemented if the assessment of the condition of the stock varies significantly 
from year to year (Fig. 4 and 5, Table 2). 
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Table 1. The winter survey indices of abundance 
    for Northeast Arctic cod adjusted for the expansion 
            of the survey area  in 1993. 
 
 Age 
Year 4 5 6 7+ 
1981 29.1 47.6 45.7 7.3 
1982 34.6 28.1 18.5 21.0 
1983 65.4 51.6 20.2 12.0 
1984 35.4 25.5 14.0 5.5 
1985 157.5 23.7 9.1 4.4 
1986 179.9 76.4 9.9 2.8 
1987 488.9 64.7 18.7 3.0 
1988 100.6 206.3 24.4 4.9 
1989 94.8 45.0 107.4 13.0 
1990 43.6 41.2 24.5 34.8 
1991 42.1 30.5 25.6 30.3 
1992 72.1 21.2 15.3 17.7 
1993 140.1 72.5 15.8 14.7 
1994 310.2 147.4 50.6 14.6 
1995 241.4 255.9 76.7 22.9 
1996 115.4 137.2 106.1 27.7 
1997 64.0 70.4 52.7 35.4 
1998 181.3 36.5 25.9 27.9 
1999 173.2   58.1 13.4 13.1 
2000 132.1 108.3 26.9 7.9 
2001 182.8 83.4 38.2 10.6 
2002 135.0 109.6 42.5 18.0 
2003 129.7 91.1 67.3 24.4 
2004 172.5 56.9 44.7 37.0 
2005 62.1 98.1 24.7 21.5 
2006 111.5 28.7 43.7 17.1 
 
 14
Table 2. Annual VPA estimates of the abundance of the total number (in millions) of 
Northeast Artic cod ages 4 through 6 (a) and ages 7+ (b). The data are from the annual 
reports of the Arctic Fisheries Working Group, ICES, 1995 – 2006.  
 
 
(a) Ages 4 
through 6 Assessment Year
Abundance 
Year 95 96 97 98 99 00 01 02 03 04 05 06
1995 1069 1646 1418 1363 1257 1240 1254 1233 1233 1236 1236 1236
1996  1219 1038 1011 927 905 914 899 899 899 899 899
1997   610 637 607 583 581 574 574 577 579 578
1998    669 611 648 634 620 632 635 639 637
1999     768 792 758 748 776 786 782 780
2000      831 801 776 850 870 840 828
2001       884 858 964 1015 937 916
2002        834 973 1006 951 913
2003         902 879 837 794
2004          835 852 840
2005           689 701
 2006           690
             
(b) Ages 
7+    
 
        
1995 140 108 94 89 86 85 86 85 85 85 85 85
1996  223 176 157 141 141 141 136 137 138 137 141
1997   268 240 186 179 181 178 177 177 177 178
1998    190 138 130 131 126 125 125 125 126
1999     87 77 76 72 72 72 73 73
2000      50 45 45 46 47 48 48
2001       56 58 63 66 68 67
2002        93 107 111 110 109
2003         154 145 129 123
2004         217 170 156
2005           176 149
2006           110
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Table 3. Calibrated survey abundance estimates (with and without an intercept) of the 
number (in millions) of Northeast Arctic cod in the two age groupings and for 
comparison, the 2006VPA estimates and the annual VPA estimates of abundance. The 
data are from the annual reports of the Arctic Fisheries Working Group, ICES, 1995 – 
2006 
 
  
Estimated total number of ages 4 - 6 
  
Estimated total number of ages 7+ 
Year ICES 
2006 
ICES 
Annual 
Calibrated 
Survey 
(intercept)
Calibrated 
Survey 
(no 
intercept) 
 ICES 
2006 
ICES 
Annual
Calibrated 
survey 
(intercept) 
Calibrated 
survey 
(no 
intercept) 
1995 1236 1069 1269 1249  85 140 127 128 
1996 899 1219 910 827  141 223 150 157 
1997 578 610 574 430  178 268 182 196 
1998 637 669 634 500  126 190 150 157 
1999 780 768 630 495  73 86 87 78 
2000 828 831 703 564  48 50 60 45 
2001 916 884 779 672  67 55 83 73 
2002 913 834 739 624  109 93 105 101 
2003 794 902 754 644  123 154 134 137 
2004 840 835 703 585  156 217 191 207 
2005 701 689 557 407  149 176 121 120 
2006 690 690 550 403  110 110 101 96 
 
 16
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Relation? 
Catch data 
Tuning series; 
Survey indices, 
Fishery CPUE 
Estimate of 
current stock 
abundance 
VPA 
Fishery 
independent 
survey data 
Population 
 
Fig. 1. Diagram of the data flow for the standard VPA-type assessment of a stock for 
which both fishery independent survey data and commercial catch data are available. 
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Fig. 2. Diagram of the assessment procedure when historical catch data are used to 
calibrate the survey data. 
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Fig. 3. VPA estimates of the abundance of Northeast Arctic cod versus the winter survey index of abundance for the period 1981 
through 1995. The regression line with an intercept is based on all the data and the line through the origin is based only on those years 
for which the survey index is greater than its mean value.
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Fig. 4. Calibrated (with intercept) survey estimates (connected open circles), ICES 2006 
estimates (connected solid circles) and the 1995- 2005 ICES annual assessments (unconnected 
solid circles) of the total number of Northeast Arctic cod ages 4 through 6. 
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Fig. 5. Calibrated (with intercept) survey estimates (connected open circles), ICES 2006 
estimates (connected solid circles) and the 1995- 2005 ICES annual assessments (unconnected 
solid circles) of the total number of Northeast Arctic cod ages 7 and older. 
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